Background: Body fat is associated with a high incidence of degenerative diseases. Therefore, estimating body fat with the smallest error as possible is primordial. Objective: The objective of this study was to verify if the body mass index (BMI) presents consistence in relation to the sum of triceps and calf skinfold (TR + CA) in order to classify girls and boys as above, below and within the recommended standard (reference criterion), considered as adequate for a good health condition. Methods: The sample was composed by 694 girls and 716 boys with ages ranging from 10.50 to 17.49 years. The variables were measured and analyzed in relation to the reference criterion presented by the AAHPERD (1988). The data were analyzed by the contingency coefficient and kappa index. Results and conclusion: The results indicated that only 48.98% of girls and 57.32% of boys were concomitantly classified by BMI and TR + CA. The kappa index indicated a very weak agreement between the three classification categories of body fat (above, below and within the recommended standard). In conclusion, the BMI does not present consistence in order to classify girls and boys in relation to body fat.
INTRODUCTION
The early development of non-transmissible chronic diseases such as cardiovascular disease, hypertension, high levels of lowdensity lipoproteins, among others, is significantly associated with high body fat levels (1) (2) (3) (4) . On the other hand, extremely low fat levels may be associated to bulimia nervosa (5, 6) , anorexia (7, 8) and calorieprotein undernourishment (9, 10) . Therefore, quantifying body fat with the smallest error as possible becomes vital, fact that has led researchers to develop and to validate different techniques to assess it such as: hydrostatic weighting, anthropometry, bioelectric impedance, double-energy x-ray absorptiometry, pletismography, among others.
The anthropometrical technique used is the most employed worldwide for being the cheapest and for presenting satisfactory reliability. This technique makes use of linear measurements, mass, diameters, perimeters and skinfolds. These measurements, alone or combined, are used in order to obtain indexes such as the body mass index (BMI) or the body fat percentage (F%) corrected or not for the respective age.
The BMI has been recommended by WHO (11) as an indicative of body fat for being quickly obtained with no cost at all. However, studies (12) (13) (14) have discussed its use with the objective of diagnosing body fat at different age ranges.
On the other hand, the F% obtained from skinfolds measurements has had a wide acceptance among sports researchers. This is due to the fact that F% obtained from the anthropometrical technique is quite well associated and does not differ significantly from the F% obtained from the hydrostatic weighting (15) (16) (17) (18) , which is considered as validation criterion for other techniques.
After accomplishing the measurements and body fat estimations phase, the following phase or evaluation phase takes place, in other words, performing the analysis of the results obtained.
Two evaluation means are usually used: by referenced norm and by reference criterion. The first one is used when the objective is to verify how a subject is presented when compared to the group that gave origin to the referenced norms. The second one is used when the objective is to verify if the subject reaches a predetermined performance level, for example, if the subject presents an amount of fat suitable with good health or used for the purpose under discussion.
When the objective is to verify the amount of body fat in relation to health, the adequate evaluation mean is the reference criterion, once studies show that people who present body fat within some standards also present lower incidence of non-transmissible chronic diseases when compared to people who present higher amounts of fat in relation to the former ones (1) (2) (3) (4) . Different reference criteria may be obtained in the scientific literature in order to evaluate body fat in relation to health. For children and adolescents, the AAHPERD (19) presents reference criteria for the sum of triceps and calf skinfolds (TR + CA) and for BMI.
Knowing the importance of a correct diagnosis with regard to body fat, once the adequate amount of body fat is vital for good health conditions, this study was developed with the objective of verifying if BMI presents consistence in relation to TR +CA in order to classify girls and boys as above, below or within standard (reference criterion) considered as adequate for good health conditions with regard to body fat.
METHODS

Sample
The sample was composed of female and male adolescents from 11 to 17 years of age enrolled in public schools from the cities of Erval Grande -RS (extreme northern region), Chapecó -SC (western region), Concórdia -SC (western region) and Saudades -SC (western region). Taking Chapecó as reference, the distances range from 42 km (Erval Grande) to 95 km (Concórdia).
The urban adolescents live in the city of Chapecó. Three schools were randomly selected as follows: one school in downtown and two others in the outskirts. Two schools in the outskirts were selected, once in this region there are over than twice as many schools as in downtown.
The rural adolescents live in the inland of the other municipal districts. In these municipal districts, the schools were not randomly selected because due to the age range involved in this study (students from the 5 th grade on), the school selected was the one placed in downtown. There is only one school in each of these municipal districts that attends children from the 5 th grade on.
After this phase, two groups of students from each grade and school were selected. Then the students were invited to participate as volunteers after their parents or responsible signed the free and cleared consent term containing information on the objectives and procedures to be adopted. From the students invited, 98% actually participated in the study. Students who were not present at the collection day and those who did not participate in the Physical Education class due to medical recommendation were excluded from the study. The data collection was performed at the timetable corresponding to this subject. All volunteers presented apparent good health conditions at the collection moment.
The final sample was composed of 694 girls and 716 boys with ages ranging from 10.50 to 17.49 years. This sample was grouped into decimal age, in other words, from 10.50 to 11.49, the age was characterized as 11 years and so on up to the age of 17.
Study variables
The body mass (BM) was obtained with measure unit of 100 g and the stature (ST) with measure unit of 1 mm and the participants were measured as described by Gordon et al. (20) . These two variables were measured by the same appraiser, which presented a measurement technical error lower than 0.5% for each variable.
The BMI was obtained through the following equation:
The triceps and calf skinfolds was measured according to standardization of AAHPERD (19) , with the aid of a Lange compass with measure unit of 1 mm and resolution of 0.5 mm. These variables were measured by the same appraiser, which presented a measurement technical error lower than 3.5% for each skinfold.
Reference criteria
The reference criteria (RC) suggested by AAHPERD (19) for girls and boys from the respective age ranges in this study are presented in board 1. These RC were adopted by being internationally accepted and based on scientific evidences.
The crossed tabulation of results is presented in a 3X3 contingency Table (table 2) . The data indicate that only 48.98% of girls and 57.32% of boys were concomitantly classified by both procedures (hachured values). It is worth emphasizing that as the TR + CA indicates that 320 (46.12%) girls and 207 (28.87%) boys presented fat above recommended values, the BMI classifies them within ideal standard.
The contingency coefficient between data presented in table 2 was of 0.45 for girls and 0.39 for boys, indicating a moderate association degree between the three classification categories of BMI and TR + CA. The kappa index was of 0.13 and 0.15 for girls and boys, respectively, emphasizing a weak agreement between the three categories.
Statistical treatment
The analysis of data was performed through the association degree obtained by the calculation of the contingency coefficient between classifications as below, above and within the reference criterion for TR + CA and BMI. The kappa index was also used in order to verify the agreement proportion between classifications. The software used was the Statistical Package for the Social Sciences (Chicago: USA). Table 1 presents the sample composition by age range and gender, with the respective average values of body mass and stature. 
RESULTS
DISCUSSION
The kappa indexes and contingency coefficients obtained between data presented in table 2 for girls and boys show consistence from weak to moderate, respectively, of the BMI as indicative of body fat. In order for the BMI to present satisfactory consistence, the contingency coefficient should be, according to Safrit (21) , of at least 0.80. The unsatisfactory consistence of BMI may be visualized in table 2, where only 48.98% of girls and 57.32% of boys were classified correctly or concomitantly by both procedures. These results also indicate that the BMI is a better indicative of body fat for girls than for boys, while in the study of Carrasco et al. (22) , it was evidenced that the BMI is more suitable to discriminate body fat in women than in men.
In addition to results obtained in this study, other studies (12) (13) (14) (22) (23) (24) , in relation to the BMI limitation, show that this parameter is not suitable to check if girls and boys present adequate body fat in relation to good health conditions. This occurs because subjects may present BMI within ideal standard and body fat above the ideal values or even present BMI below the recommended values and body fat within ideal values. This lack of agreement between BMI and body fat may be explained not only by the fragility of this index but also by the fact that the body fat is associated to the physical activity or physical fitness levels. In another study, Khongsdier (24) related the self-reported morbidity with body composition estimated through anthropometry and verified that subjects with BMI lower than 18 kg/m 2 and higher than 23 kg/m 2 were not significantly different from those considered as with normal BMI (18 to 23 kg/m 2 ) with regard to the risk of acquiring diseases.
In this context, the BMI adoption may lead to imprecise evaluations and hence the possible physical activity prescription or intervention programs will not be correct either. Thus, when only BMI is used, the diagnosis could be mistaken, what is reinforced by results of this study that showed that only 10.37% of girls and 6.97% of boys presented BMI above the recommended values. TR + CA indicated that 56.48% of girls and 36.70% of boys presented body fat above recommended values for good health conditions, what is corroborated by findings of Chiara et al. (25) . Other studies also indicated a higher prevalence among overweighed or obese people (26, 27) . Concomitantly to the search for the best technique to verify body fat levels in relation to good health standards, there is a need that programs proposed by the government or other social entities are implemented in order to reduce overweight and obesity in all age ranges. It seems that the information broadcasted in relation to what obese people should do or not have not given the expected results. It also seems that education could be the best strategy. However, one believes that the teaching institutions have not given the importance the subjects deserves, once it has been evidenced that around 66% of girls and 37% of boys at school age present body fat above recommended values, whereas only 3% of the sample presented body fat below minimum standards.
Considering the high number of girls and boys with body fat above ideal standards or reference criterion, the development of possible strategies in order to reduce this high-risk behavior is encouraged. Otherwise, it will lead to high social costs in a near future, according to study of Lessa et al. (28) . A body fat diagnosis the more precise as possible is vital in childhood and adolescence, once overweighed children or adolescents generally become obese adults (29, 30) , and the latency period of nontransmissible chronic diseases associated to high amounts of body fat starts at the phase of life. The importance of this quantification is reinforced by Chor et al. (31) , who evidenced that cardiovascular diseases are the main cause of death among the Brazilian adult population (40-49 years). This results in the loss of many productive years of life, suggesting that the load of risky factors (use of tobacco, obesity, arterial hypertension, diabetes, sedentary, stress, among others) contribute to several death causes (32) . It is worth emphasizing that this study presents the use of an indirect technique to estimate body fat as main limitation. The fact of not using a technique considered as gold standard may decrease the validity of results. However, a recent study (33) demonstrated the validity of the anthropometrical technique in age ranges similar to this study. Furthermore, the skinfolds measurements were considered as satisfactory when the measurement technical error in each skinfold was lower than 5%, and the error presented for skinfolds in this study was lower than 3.5%.
Considering the limitation of this study, it is worth emphasizing the absence of studies conducted in Brazil with this type of designing, involving rural samples and the reference criteria proposed by AAHPERD (19) , which are extensively used in this country in order to compare and/or analyze the physical fitness variables associated to health, among them the body fat.
CONCLUSIONS
In function of the established objective, one concludes that the BMI presents no consistence to classify girls and boys aged from 10.5 to 17.49 years with regard to body fat as below, above and within the reference criterion for good health conditions, once only 48.99% of girls and 56.93% of boys were correctly classified.
The performance of new studies with similar design as this one is suggested; however, with the involvement of adults and older adults in order to verify if the findings will be similar to these.
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